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1. INTRODUCTION

1.1 Objectives of the Feasibility Study

The desired output from the Feasibility Study is a prioritized list of projects that are required
through year 2030, consisting of municipal water supply facilities needed within the service
area of the Northern Governorates Water Authority (NGWA). These facilities will comprise
water transmission mains and associated components: distribution storage reservoirs, pump
stations, water treatment plants, groundwater wells, water-resources facilities and a
centralized monitoring and control system. These facilities are to be identified under the
Feasibility Study, taking into account: the balance between available water resources and
water demands (residential, commercial, industrial, irrigation); expanded water facilities or
demand-management measures to address forecasts of water demands and localized
imbalances in available resources; the possible need for rationing of limited supplies; and,
minimizing the cost of the system improvements, taking into account both the capital costs
and the annual operation and maintenance (O&M) costs.

1.2 Background and Work Plan

The notice of award for Task Order 813 was received on 17 March 2004, and the task order
was signed by CDM on the same day. The CDM Chief of Party began work in Jordan on 30
March 2004, and a Kick-off Meeting was held on 6 April 2004 attended by representatives of
USAID, WAJ (Water Authority of Jordan) and NGWA (Northern Governorates Water
Authority). In accordance with the requirements of Task Order 813, a draft Work Plan was
submitted within 3 weeks after the Kick-Off Meeting. The draft was discussed and reviewed
by WAJ, NGWA, and USAID, and a final Work Plan was completed on 3 May 2004. In
general, the tasks and methodology described in this Work Plan are essentially the same as
presented in the CDM proposal of 28 January 2004, with the schedule modified somewhat.
In order to maximize coordination with the WLRP and NWMP projects, this feasibility study
has been extended until 28 February 2005 to allow additional time required to incorporate
the final data on the distribution reservoirs in the modeling of the proposed transmission
system. The intent is that all three studies are coordinated and based on the same data and
assumptions as much as possible. The schedules of the major tasks and deliverables of the
Feasibility Study are summarized in Figure 1-1.

Figure 1-1 SUMMARY OF TASK SCHEDULE AND DELIVERABLES

TASK Mar | Apr | May [June| July | Aug [ Sept| Oct | Nov | Dec | Jan | Feb
1 Develop agreed work plan —
2 Information collection & review (——
3 Evaluate existing infrastructure [—
4 Develop network model of existing system
5 Evaluate existing & potential water sources ———
6 Develop demand forecasts
7 Develop planning & design criteria —
8 Develop Basis of Planning Report
9 Define transmission/treatment improvements
10 Economic and financial analysis [—
11 Define packaging/phasing of improvements [R—
12 Develop Feasibility Study Report
13 Transfer of Network results to GIS —
14 Coordination with USAID & WAJ
Kickoff Meeting 6-Apr-04 A
Work Plan 27-Apr-04 A
BoPlanning Report, draft 1-Aug-04 A
Interim Workshop 10-Aug-04 A
BoPlanning Report, final 30-Aug-04 A
Workshop on alternatives 23-Nov-04 A
F.Study Report, draft 1-Dec-04
Review Meeting 15-Dec-04 A
F.Study Report, final 2005; TBD A
m 1-1 Final Feasibility Report

28 February 2005



Section 1
Introduction

The organization chart for the project is shown on Figure 1-2, and the staff schedule on
Figure 1-3. These are in accordance with the final Work Plan completed on 3 May.

FIGURE 1-2 ORGANIZATION CHART

USAID MWI / WAJ / NGWA

Project Management

Chief-of-Party / Project Manager
Max Clark

Deputy Chief-of-Party / Deputy Project Manager
Mehran Meserlian

Project Advisor
Robert Kachinsky

Technical Review

Ron Miner
Steve Martin
Jack Rattray

Key Project Staff

Lead Practitioner / Hydrogeologist / GIS Specialist
Network Analysis Water Resources Engineer
Ron Miner lan Gillis Eric Grimison
Home Office Support Water Resources Engineer Financial / Institutional
Shiao Lo Chitra Parameswar Policy Specialist
Tarik Selim

Local Technical and Administrative Support Staff

from CDM and CC
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Lana Massannat
Hamza Habila
Maher Mezher

Admin. Assistant
Office Helper
Driver

Introduction
Figure 1-3 STAFFING SCHEDULE
Name Position Mar | Apr | May |June| July | Aug | Sept| Oct | Nov | Dec | Jan | Feb

CDM Overseas Staff
Max Clark Chief of Party [ EpEEpmnny
Mehran Meserlian DeputyCoP PIIIlllllllllllllIIIIIIIIIIlIIlIIIIIII
Bob Kachinsky Project Advisor p— | — f—
lan Gillis Hydrogeologist | p— |
Chitra Parameswar Water Res. Engineer pesfundunsjfsnapnnpnnduunfnnnfpanpanguns
Ron Miner Network Analyst hlllllillllllPIIIIIIIIIIIIFIIIIIIIII
Tarek Selim Financial Analyst | ——
Jack Rattray Technical Review | = -—
Steve Martin Treatment Specialist fu— —
Scott Lindell Instr & Control Spec. [—
SherryLo HOSUppOrt NI NN EEEEpEpEENEE R EEEEEE e R ARl
Laura Harvey Tech. Editor EEEEI
CDM Local Staff
Ahmed Abu Hijleh  Hydrogeologist ——
Ayman Halaseh Jr. Civil Engineer e ————————————
Sania Labadi Admin. Manager [pespmsjenanenEnspanguanunananpnnynny
Hala Mawajdeh Financial Manager [ LD I L L L L L L

Aladdin Arafeh
Mahmoud Fararjeh
Tamim Abodaqga
Saeda Qadooura
Majd Tugan

Hasan Nasseef

CC (local consultant)
Dr. Sawsan Himmo Hydraulic Engineer
Dr. Adnan Al-Saliha Hydraulic Engineer

Mechanical Engineer
Electrical Engineer
GIS/Hydraulic Modeler
GIS/Hydraulic Modeler
Junior Engineer
Junior Engineer

Amman Survey Office (surveying) EEyESNEEEEEEEEENEENEER
Arab Center (geotechnical) fesyESNEEEEEEEEEgEERES i|
IB Law (review of water laws) pespesgunnannpenpungnng

s FUll-time assignment
= = = ® B B 1|ntermittent assignment; p

1.3 Background on the Study Area

articipation as needed

The study area covers 4 of the 12 governorates of Jordan - Irbid, Ajlun, Jerash and Mafraq -
which are served by the Northern Governorates Water Authority (NGWA), an operations
unit of the Water Authority of Jordan (WAJ). The study area is bordered to the north by
Syria and the Yarmouk River, to the west by the Jordan River, to the south by the Amman-
Zarqa metropolitan area, and to the east by Iraq. The northern governorates contained about
1.56 million people in 2003, or about 29% of the national population on 32% of the national
land area. The major city is Irbid with a population of 400,000, placing it as the third largest
city in Jordan after Amman and Zarqa. In contrast to Irbid, the Mafraq governorate covers a
large sparsely-populated desert area, in which the eastern portion contains only isolated
settlements that receive water supply from local NGWA wells; this eastern portion of
Mafraq has not been considered in any detail in this feasibility study on water transmission

systems.

A brief statistical summary for the study area is given in Table 1-1, including the
population, land area, and the NGWA water supply statistics for the year 2003.

The major population centers served by NGWA are located on a high plateau of rolling hills
at elevations ranging generally from 400m to 900m above sea level. However, the study area
also includes deep wadis and agricultural land along the Jordan River, lying at elevations as
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low as 200m below sea level; and smaller settlements ranging up to 1200m above sea level.
While much of Jordan is arid or semi-arid, the urbanized portion of the study area receives
the highest annual rainfalls in the country, exceeding 600mm in some areas. As part of the
Fertile Crescent and the ancient Cradle of Civilization, the water resources of the study area
have been developed since ancient times. The rainfall statistics in Table 1-2 for stations
within the study area illustrate the strong seasonal pattern of rainfall, with 80% of annual
rainfall occurring in the 4 winter months of December through March. The lack of rainfall in
the summer months spurred the natural selection of wild wheat and other grains, which
have developed (over millions of years, perhaps) tough seeds that can survive the hot
summer and sprout in the winter rains. Irrigation from springs was developed in ancient
times. Historically, water needs were supplied from karst springs and shallow wells, but
many of these have been dried up by the abstractions from deep wells in recent years. In
Jerash and Ajloun, where the karst geology is not favorable for deep wells, the long hot
summers and reduction in spring flows have reduced the nature of agriculture in more
recent times to olive trees and other rain-fed crops. Although Mafraq receives little rainfall,
many deep wells have been installed to capture groundwater flows, much of it originating
in the Syrian highlands. Much of the area is covered by rock and impervious layers, which
limit the groundwater infiltration to less than 5% of the annual rainfall. Small-scale rainfall
harvesting has been practiced since ancient times. The topography and groundwater
aquifers do not lend themselves to reservoir storage of infrequent heavy precipitation and
injection wells or recharge basins.

The service area is a net exporter of water to the remainder of Jordan, as well as to Israel.
The Yarmouk River on the northern boundary of the service area has by far the largest
streamflow of any river or wadi in Jordan, with a highly-variable flow averaging about 420
MCM at its mouth. Hydrologic models have been developed to estimate the Yarmouk
stream-flow record from rainfall records covering the upstream areas in Syria, where the
size and number of reservoirs and other flow regulating structures are relatively
insignificant. Aside from the Yarmouk River itself, a significant amount of groundwater
enters the study area from the Syrian highlands, estimated at 68 MCM. The water exported
from the northern governorates is the mainstay for irrigation in the Jordan Valley, as well as
the municipal water supply for Amman and Zarqa, through the King Abdullah Canal
(KACQ). The KAC follows the eastern bank of the Jordan River, to supply both irrigation
demands and the Zai water treatment plant within the Amman water supply system. In
addition, the governorate of Mafraq contains several well fields - Aqeb, Za'tary, and
Sumaya well fields - which export water to the Amman-Zarqa water supply systems. As a
result, the major difficulty in meeting the future NGWA water demands is that any increase
in municipal water use must be made at the expense of other areas within Jordan, or at the
expense of irrigation water users in the Jordan Valley or within the study area. As indicated
subsequently in Section 5, the groundwater abstractions within the study area presently
exceed the safe yield of the available groundwater aquifers.

As shown in Table 1-1, in 2003 the four northern governorates contained about 184,000
NGWA subscribers, who had a metered or accounted-for domestic consumption of about 30
MCM (excluding known or estimated water usage for irrigation, filter backwashing in a
water treatment plant, and flushing of water mains). This corresponds to a metered per
capita consumption of only 55 Ipcd (liters per capita per day). Water is rationed, with most
customers receiving water only one or two days each week. Calculation of the net water
production delivered to the 4 governorates is accomplished through a network of bulk water
meters to account for the import and export of water to/from the NGWA transmission
mains, and to/from the areas outside the NGWA service area (principally to Zarqa and
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Amman). The net production of about 58 MCM corresponds to 107 Ipcd (less than 90 Ipcd in
Irbid, Jerash and Ajloun) which is also quite low by world standards (typically 200 to 500
Ipcd in many other developing countries, when commercial, institutional and industrial use
are included). The unaccounted-for water (UFW) of 44% is high given the scarcity of water
in Jordan, but about half of the NGWA water losses are concentrated in Mafraq governorate
(62% UFW), where the losses are attributable to the relative aridity, lawlessness, and social
problems encountered in the eastern portion of Mafraq. In Jerash, Ajloun and Irbid the UFW
is much lower, at 28%, 35% and 36% respectively. In Jordan as a whole, the UFW is about
50%, composed of physical losses (leakage) estimated at 30% and administrative losses
(meter under-registration, stopped meters, un-metered use, billing errors, theft) estimated at
20%. Several programs are underway countrywide (including the NGWA system) to reduce
the physical losses by rehabilitation and restructuring of the distribution networks.
Improvements in operations management are also being considered to reduce the
administrative water losses.

The distribution of the NGWA customers is shown on Figure 1-4, in combination with the
topography and annual rainfall of the western NGWA service area, where most of the water
supply from the transmission system is consumed. Most of the customers are located in the
upland areas, centered on the city of Irbid. Many of the small outlying towns are served by
independent local systems, rather than by the transmission system.
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1.4 Purpose and Contents of This Report

This final Feasibility Report is intended to summarize the results obtained over the course of
the feasibility study. The final results will form the subject of discussion in a Final Workshop
to be held in mid-February 2005. The final Feasibility Report has been prepared,
incorporating the suggestions and refinements resulting from comments received on the
draft report, and subsequently from other reviewers. The relevant topics are described in the
remaining sections of this report:

. Section 2 describes the previous studies and current programs that affect this
feasibility study;

. Section 3 describes the existing NGWA water supply system;

. Section 4 describes the population and water demand forecasts;

. Section 5 describes the existing and potential sources of water supply;

. Section 6 describes the planning and design criteria;

. Section 7 describes the analysis of alternative transmission systems;

. Section 8 describes the proposed projects, which include the proposed pump

stations, treatment plants, local distribution-storage reservoirs and transmission
pipelines to be developed in phases as new sources of water are developed, and
other programs to improve the system (rehabilitation of wells, pump stations and
pipelines; and installation of a centralized monitoring and control system). An
economic and financial analysis of the proposed projects is included.
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